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Three basic safety tests can help manufacturers ensure that electrical products 
meet the requirements set forth in the LVD. 
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he Low Voltage Directive (LVD) does not specify the 
actual product safety tests that must be performed. 
It does, however, state that any electrical product 
designed for use with a voltage rating between 50 and 1000 
V ac and between 75 and 1500 V dc must comply with har- 
monized standards in order for the products to be market- 
ed in the European Union (EU). This achieves a primary 
EU goal, which is "to provide a 
standardized means of allowing 
commerce between member 
countries." The directive's provi- 
sions require that only electrical 
equipment that does not jeopar- 
dize the safety of people, domestic 
animals, and property may be 
placed on the market. 

Under the LVD, harmonized 
safety standards provide a single 
certification for compliance, which 
is recognized by all EU members. 
This article discusses several prod- 
uct safety tests that can help manu- 
facturers meet the requirements of 
the directive. 




must be constructed following good engineering practices in 
relation to safety matters to ensure that it does not cause a 
safety risk when used in the applications for which it was made. 
The following items are exempt from the directive: 

• Electrical equipment for use in an explosive atmosphere. 

• Electrical equipment for radiology and medical purposes. 

• Electrical parts for goods and pas- 
senger lifts. 

• Electric meters. 

• Plugs and socket outlets for do- 
mestic use. 

• Electrical fence controllers. 

• Radioelectrical interference 
equipment. 

• Specialized electrical equipment 
used on ships, aircraft, or railways 
that complies with the safety pro- 
visions drawn up by internation- 
al bodies in which the member 
states participate. 



Product Safety Testing 
Requirements 

The LVD requires that electrical equipment be designed and 
constructed to ensure that it is safe when connected to the 
electric supply system. Equipment must provide a level of pro- 
tection against electric shock that relies on a combination of 
insulation and a protective grounding conductor. The equip- 
ment is presumed to satisfy this requirement if it is constructed 
so that it includes either protective grounding or double in- 
sulation to provide an equivalent level of safety. Equipment 
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An automated system for testing product compli- 
ance with LVD requirements. The system performs 
dielectric withstand, insulation resistance, ground 
bond, and line leakage tests with a single connec- 
tion to the product under test. 



Each standard provides a series of 
safety tests with specific test param- 
eters and limits appropriate for the 
equipment category covered. Three 
commonly used product safety tests 
that check the protective grounding circuits and the insulation 
within the electrical equipment are the earth ground bond 
test, the dielectric withstand test, and the line leakage test. 

Ground Bond Test 

The ground circuit is the second level of protection against 
electric shock beyond a product's basic insulation. The ground 
bond test is normally specified to test the protective ground- 
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Power Products 

Spectrum Control filtered power products allow you to filter EMI where the 
power source enters your system. There is a wide range of AC/DC current 
and voltage ratings available and we will conduct EMC 
testing to optimize design and compliance. In addition to our 
standard products, we'll work with your design and manufacturing 
teams to develop power conditioning solutions such as back 
panels with surge protection, circuit breakers and voltage cut-off. 

• Single line filters • Power line filters 

• Power arrays • Power distribution units 

• Power entry modules • PCB mount filters & assemblies 

• C.O.T.S/Tempest power line filters 
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Discrete EMl/RFI Filters 

Spectrum Control offers the broadest line of EMl/RFI filter 
products in the industry. Our surface mount and feed-thru 
filters are available in a wide variety of package and 
performance characteristics that allow designers to ^_ , 
address EMI in most any application. 

• PSM surface mount filters - up to 20 Amps 

• SSM surface mount filters - up to 1 Amps 
^ v • 3 terminal surface mount filters 

^ • LC ceramic chips 

• Resin sealed signal & power filters 

• Hermetically sealed filters ,, *. 
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Filtered Arrays 

& Interconnect Products 

We offer the world's most complete line 
of filtered D-Subminiature connectors in 
a range of footprints, shell sizes and 
configurations. 

1 Filtered D-Submlniature 
connectors - .318" 
& .590" footprints 
■ Ferrite filtered 
D-Subminiature 
connectors 

• Hi-density filtered 
D-Subminiature connectors 

• Filtered Combo connectors 
Filter arrays simplify installation and 
reduce overall project costs. Filter 
arrays provide an EMI filtered signal line 
between electronic system modules 
and deliver excellent EMI filtering at 
frequencies from 5 MHz to 18 GHz. 



QPL filters to MIL-F-15733 & MIL-F-28861 
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Filter plates - bolt-in & Easy Mate' 
Filtered terminal 
blocks - barrier & 
Euro PCB styles 
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Datacomm Interconnects 

Spectrum Control now offers a 
complete line of datacomm 
interconnects with the addition of the 
Signal Conditioning Product Group, 
formerly part of AMP. These products 
offer an easy and effective EMC solution 
for a wide range of telecom and 
datacomm system and equipment 
connections. 

• Filtered Champ connectors 

• Filtered RJ45 mod jacks 

• Filtered mini-DIN connectors 

• Capacitively decoupled BNC connectors 

• Waveshaper connectors for 
T1 & E1 lines 

• Filtered SCSI connectors 





Freshly Brewed Solutions 
To Filter Your Design 

Filters. At Spectrum Control, it means more new and innovative 
EMl/RFI filters and filter solutions than ever before. We've expanded 
our line of filters to address EMl/RFI emissions and susceptibility 
within all key signal line, high frequency wireless and power 
applications. Our low pass EMI filters, filtered interconnects, filtered 
power and ceramic products all feature exciting new designs and 
expanded performance characteristics. 

So if you're interested in a freshly brewed filter 
solution check us out. You can call or see all of our 
company and product information at our web site 
www.spectrumcontrol.com. 
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Product Safety 



ing circuit within a product. Figure 1 shows a common setup 
for a ground bond test. An example of the requirements, taken 
from The Safety of Household and Similar Electrical Appliances 
(EN 60335-1), states: 
A current from a source having a no-load voltage not exceeding 
12 V (ac or dc) and equal to 1.5 times rated current of the ap- 
pliance or 25 A, whichever is greater, is passed between the earth- 
ing terminal or earthing contact and each accessible metal part 
in turn. The voltage drop between the earthing terminal of the 
appliance or the earthing contact of the appliance inlet and the 
accessible metal part is measured. The resistance is calculated 
from the current and this voltage drop; the resistance shall not 
exceed 0. 1 £1. The resistance of the supply cord is not included 
in the measurement. 

The high current is applied to the grounding conductor be- 
cause most fuses or circuit breakers can carry a 200% overload 
for several minutes before they open the circuit. The resis- 
tance of this circuit must have sufficiently low impedance to 
limit the voltage to ground and facilitate operation of the cir- 
cuit protective devices. Performing this test using a source 
voltage of 12 V or less minimizes operator exposure to haz- 
ardous voltages during the test. 

The Dielectric Withstand Test 

On a new design, the adequacy of the insulation must be test- 
ed from an engineering standpoint. It must also be tested from 
a manufacturing standpoint to ensure that it was not damaged 



Ground bond lest set 




Figure 1 . Common setup for a ground bond test. 



during the manufacturing process. The insulation within the 
product provides the primary protection against electric shock. 
The dielectric withstand test is one product safety test com- 
monly specified to test a product's insulation. A common setup 
for a dielectric withstand test is illustrated in Figure 2. 

Electrical products are subjected daily to high-voltage 
switching transients. Every time an electric motor is started or 
stopped it produces a counter electromotive force, which can 
generate voltage transients that can damage weak insulation. 
It is assumed that if a product can withstand the potential ap- 
plied during a hipot (high potential) test, it can withstand 
these daily switching transients. 

The dielectric withstand, or hipot, test stresses the insula- 
tion within the product. The leakage current through the in- 
sulating materials is measured between what are normally 



Microwave 
\&\* * * Absorbers in 
\\v» Sheet Form & 
Suppressant Tubing Form 



New highly dissipative microwave absorbers 
utilize lossy materials to provide high 
attenuation above 100 dB over a broad range 
of bandwidths up to 100 GHz. Available in 
adhesive backed sheets of various sizes and 
thicknesses, they can be cut with scissors 
and fitted to odd shapes. These absorbers 
can be used to line walls of enclosures and for 
free space use. They can also be used for 
waveguides and antenna elements, for 
modifying surface currents, as terminations, 
reflectors and for other microwave 
applications. Tubing can be slipped 
over existing wires and cables, and 
can be used for gasketing. 
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Reduce your products' EMI 
emissions by up to 20 dB 
by replacing one part! 

Using EMC Components eliminate the need for: 

• PCB Redesign, Adding Additional Layers 

• Metalization of Plastic Housing / Shielding 

• Cable / Harness Redesign / Shielding 

• Ferrites / Filters 
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EMI Suppression 
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Add to Existing 
Oscillators to 
Reduce EMI 



Surface Mount 
8 & 14 pin Units 
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Hipot testBr 




Device 
under test with 
metal enclosure 



Figure 2. Common setup for a dielectric withstand test. 

current-carrying and noncurrent-carrying conductors or 
ground (earth). Hipot tests may also be performed between 
primary and secondary circuits within a product to test the 
isolation between these circuits or between multiple isolated 
secondary circuits. 

The device under test (DUT) is not running during the 
hipot test. To perform a hipot test, the high-voltage lead is 
connected to the DUT's hot and neutral conductors, which are 
shorted together. The DUT's power switch is placed in the on 
position. The return lead is then connected to any exposed 
dead metal of the DUT. Directing high voltage to both sides of 
the line applies equal potential across any components with- 
in the circuit under test, stressing only the insulation between 
the current-carrying conductors and ground. 

The test potential may vary depending upon the application 
of the product. Test potentials of 1500 to 3000 V ac at a fre- 
quency of 50 or 60 Hz are common. In some specifications, a 
dc voltage may be substituted for an ac voltage. The specifi- 
cations require the dc voltage to be equal to the peak of the 
prescribed ac test voltage to be used. The voltage is raised 
gradually from zero to the prescribed test voltage and held for 
at least I second and up to 60 seconds depending upon the test 
being performed. It is important to note that there cannot be 
any indication of breakdown during this test. Insulation 
breakdown is considered to have occurred when the current, 
which flows as a result of applying the test voltage, rapidly in- 
creases uncontrollably, and the insulation can no longer re- 
strict the flow of current. Corona discharges and single mo- 
mentary flashovers, however, are not regarded as an insulation 
breakdown condition. 

The Line Leakage Test 

The line leakage test is also designed to measure the leakage 
current that flows through the insulation of the product. Fig- 
ure 3 shows a common setup of a line leakage test. The con- 
ditions under which the test are performed, however, differ 
greatly from the dielectric withstand test. Performed at a much 
lower voltage, the leakage test monitors leakage currents from 
accessible parts of the DUT back to the system neutral while 
the product is operating under both normal and single-fault 
conditions. Leakage currents are monitored through a mea- 
suring device that simulates the impedance of the human body. 
This measurement provides more accurate data regarding 
potential shock hazards the DUT could produce. The input 
voltage applied to the DUT is typically adjusted to 110% of 
the highest rated line (mains) voltage. Leakage currents are 
measured under all possible combinations of open and closed 
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Schaffner introduced the BiLog* concept 5 years ago as a 
revolutionary way of effectively combining two antennas 
into one with no sacrifice in performance. 

As applications have grown, so has the BiLog family. 
There are now 5 BiLog antennas to meet dedicated EMC 
applications. The latest family member is the CBL6143 
compact emission and immunity antenna, designed 
specifically for testing in anechoic chambers using the 
'novel' X-Wing* folded elements. 

There are now more than 4500 are in regular use for 
immunity and emission testing worldwide, making the 
BiLog a de-facto EMC industry standard test antenna. 



Now, that's a benchmark. 
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Figure 3. Common setup for a line leakage test. 

neutral conductors and normal and reversed polarity. Open 
and closed grounds are connected to the input of the DUT. 

The line leakage test may take the form of a ground leakage 
test or an enclosure leakage test. These tests are performed on 
both Class 1 and Class II products, and unlike the hipot test, 
these tests have very specific leakage limits. For Class II prod- 
ucts, a foil of approximately 10 X 20 cm is attached to the en- 
closure of the product to simulate hand contact. The leakage 
current is then measured from the foil to the system neutral 
under normal and single-fault conditions or to both sides of 
the line through an isolation transformer. 

Leakage tests are more often specified as type tests. Some stan- 
dards require that a sampling of the products be tested during the 
production process, whereas other standards, such as those for 
medical products, may require a 100% production line test. 



Summary 

Along with the CE Marking Directive, the LVD intro- 
duced requirements for a harmonized set of standards to re- 
move technical barriers to trade and therefore allow free 
access to the European Market. Manufacturers are respon- 
sible for ensuring that their manufacturing processes are 
such that the production of electrical equipment conforms 
to these harmonized standards. 

It is impossible to ensure that consumers will always use 
products in a safe manner, or that they will not somehow de- 
feat a product's safety system. For this reason, current product 
designs incorporate several levels of built-in protection to 
safeguard users. However, simply incorporating these into an 
end-product design does not adequately ensure user safety 
because such safety systems are subject to variations in pro- 
duction that could render them useless. The only way to be cer- 
tain that a specific product has actually been constructed with 
the intended safety measures is to test each product before it 
is shipped. The three basic safety tests described in this article 
can help manufacturers ensure that products are safe and 
therefore enable them to meet the requirements of the LVD. 

Dwayne M. Davis is the technical services manager heading up 
the technical support group at Associated Research Inc. (Lake 
Forest, IL). For more than 30 years, he has been involved in the 
design, development, and manufacture of the company's high- 
voltage products. He can be reached at info@asresearch.com. ■ 
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